Objective-To investigate associations between shiftwork and diurnal salivary cortisol among 319 police officers (77.7% men)
repeated activation has been associated with HPA axis dysregulation and adverse health consequences. [12] [13] [14] [15] [16] Cortisol is produced primarily by the adrenal glands and is often used as a biomarker of HPA axis function. 17 In most individuals, upon awakening, cortisol levels increase immediately then peak about 20 to 30 minutes later, after a steady decrease throughout the day. Flattening of the diurnal salivary cortisol profile is thought to be a reflection of dysregulation in basal HPA axis function. 18, 19 Research has shown that disturbances of this typical time curve may be associated with a variety of negative health outcomes. For example, studies indicate that flattened diurnal cortisol curves are associated with posttraumatic stress disorder, depression, continuous exposure to stress, chronic fatigue syndrome, as well as decreased cancer survival. 13, 20, 21 In addition, flattened diurnal cortisol patterns are significantly associated with subclinical CVD and CVD mortality. [22] [23] [24] [25] Although law enforcement is an occupation with repeated exposure to many different types of stressors, this occupational cohort remains under-studied. To date, a small number of studies have examined the relationship between shiftwork and cortisol patterns among police officers with emphasis on the cortisol awakening response (CAR). In a recent investigation conducted on the Buffalo Cardio-metabolic Occupational Police Stress (BCOPS) study cohort, Fekedulegn et al 26 found that concentrations of the CAR were significantly lower in night-shift workers compared with those working on the afternoon and day shifts; the pattern during the first hour after awakening, however, was similar across all three shifts. In addition, the peak morning cortisol concentration, although not significantly different among the shift groups, was smaller for night-shift officers compared with officers on the afternoon and day shifts. Wirth et al 27 reported that area under the curve for the CAR among the BCOPS police officers was lower in officers working short-term, but not long-term, night or afternoon shifts compared with day shift. In this study, we compared diurnal cortisol profiles in BCOPS police officers working on day, afternoon, and night as their primary shifts. We hypothesized that officers working the night shift would display a different diurnal cortisol profile with a shallower slope when compared with officers on the other shifts. Men and women in this cohort are differentially scheduled on shifts and may vary in physiological response, so the association between shiftwork and the diurnal profile may be different between them. Therefore, a secondary objective is to assess whether gender significantly modifies this association in the BCOPS cohort.
MATERIALS AND METHODS

Study Design and Participants
The BCOPS study began in 2004 as a cross-sectional comprehensive examination of the health consequences of stress associated with work-related factors/situations in law enforcement officers. Between June 2004 and October 2009, approximately 710 police officers employed at the Buffalo, New York Police Department were invited to participate in this study. After pregnant women were excluded, 464 (65.4%) officers consented to participate. Institutional Review Boards at The State University of New York at Buffalo and the National Institute for Occupational Safety and Health approved the study. Informed consent was obtained from all participants. Data were collected at The Center for Health Research, School of Public Health and Health Professions, University at Buffalo, State University of New York. 28 For this cross-sectional study, we excluded retired officers and any officer who had missing information on shiftwork and diurnal cortisol. The final sample size for analyses of shiftwork and diurnal salivary cortisol was 319 officers, 71 women and 248 men.
Assessment of Shiftwork
Electronic work history data from the City of Buffalo, NY payroll records were available from May 1994 to the date of each officer's examination (2004 to 2009). The database contained information regarding the activities for each officer and included the start and end time of work, the type of activity (ie, regular work, overtime work, court appearances), the type of leave (ie, weekend, vacation, work-related injury, other types of sick leave), and the number of hours worked on each activity. The time officers started their shift for regular work was used to classify each record into one of the following three shifts: day shift if the start time was between 4 AM and 11 AM; afternoon if the start time was between 12 noon and 7 pm; and night shift is the start time was between 8 pm and 3 am. A numeric variable that quantified the percent of total hours worked on the night shift was also derived.
The Buffalo NY police department instituted fixed or permanent shifts for their officers in 1994, however officers occasionally worked other shifts for other officers on leave. All officers worked weekdays and weekends and were scheduled four days on and three days off. The total number of hours worked by each officer was obtained by summing over all records from 1994 to the date of examination. Then, hours worked on the day, afternoon, and night shifts were calculated. An officer's dominant shift was defined as the shift on which he/she worked the largest percentage of hours. For example, the primary or dominant shift for an officer who worked 10% on the day shift, 5% on the afternoon shift, and 85% on the night shift would be night shift.
Assessment of Cortisol
Full details of the cortisol assessment procedures are provided elsewhere. 26, 28 Briefly, participants were asked to refrain from taking stimulant medication, smoking, eating and drinking, and brushing their teeth before completing salivary sampling to avoid contamination of saliva with food or blood caused by micro-injuries of the oral cavity. 26 Participants collected saliva by means of Salivettes at seven time points (ie, seven saliva samples assayed for cortisol): on awakening, 15, 30 and 45 minutes after waking, at lunch, dinner, and bedtime. At the designated collection time, the officers removed the dental roll from the centrifuge tube and placed it in their mouth for approximately 2 minutes, allowing for saturation of the roll. When saturated, the roll is returned to the tube for storage. The tube is centrifuged in the laboratory to provide a non-viscous saliva sample for assay. The saliva samples were frozen at −80 8C until analyzed for free cortisol concentrations (nmol/L) using a chemiluminescence immunoassay (IBL, Hamburg, Germany) at the Technical University of Dresden. Four diurnal cortisol variables were derived: (1) total area under the curve (AUCG), (2) area under the curve with respect to increase against the baseline (ie, the first sample cortisol value after awakening) (AUCI), (3) slope of fitted regression line to the seven diurnal cortisol values, and (4) slope of fitted regression line to the cortisol values in the four diurnal samples (exclude the 15-minute, 30-minute, and 45-minute samples from the seven above). The AUCG and AUCI are expressed as nmol/L × minutes and the slopes as nmol/L/minute. Use of AUCG and AUCI reduces the diurnal cortisol measurements and time of collection into a single numerical value for each officer.
Assessment of Covariates
Demographic characteristics, lifestyle behaviors, and medical history and medication use were obtained from all officers through self-and interviewer-administered questionnaires. Officers reported the total number of alcoholic drinks they consumed per week and their smoking status as current, former, or never. Body mass index was calculated as weight (in kilograms) divided by height (in meters) squared. Waist circumference was obtained from the average of three measurements that were within 0.5 cm of each other. Physical activity during the previous seven days was obtained with the Seven-Day Physical Activity Recall questionnaire used in the Stanford Five-City Project. 29 Sleep duration for the previous month was assessed using the Pittsburgh Sleep Quality Index (PSQI) questionnaire. 30 
Statistical Analyses
Descriptive statistics were determined for all variables. The chi-square test of independence, analysis of variance (ANOVA), and Pearson's correlations were used to assess associations for selected variables with both shiftwork and diurnal salivary cortisol parameters. The seven samples for the diurnal cortisol variable were collected on awakening, 15, 30 and 45 minutes after waking, at lunch, dinner, and at bedtime. When we refer to the four-sample diurnal cortisol variable, we use all samples excluding the 2 nd , 3rd, and 4th waking samples. To compare similarity in diurnal cortisol patterns across shifts, repeated measures analysis was performed to test the significance of the interaction between shiftwork and time of collection. The spatial power covariance model was used to account for interdependence among measurements within a subject and the unevenly spaced time intervals. A slope reflecting the diurnal pattern of salivary cortisol secretion was estimated by fitting a simple linear regression model for each participant, where cortisol values (in log-scale) were regressed on time of collection. In addition, the total area under the curve was calculated using the trapezoid formula. 31 Diurnal salivary cortisol parameters were log-transformed prior to analyses to account for the skewed distributions. Gender was examined for effect modification by including interaction terms in the model. Mean slopes and area under the curve were compared across shift schedule using ANOVA and analysis of covariance (ANCOVA) while adjusting for demographic characteristics (age, race/ethnicity, education, marital status, and police rank), lifestyle behaviors, and waist circumference. Post hoc power analyses showed that observed differences in slope across shiftwork were detectable with a power of 80%. All analyses were conducted in SAS v. 9.3 (SAS, Cary, NC).
Forty two percent of officers worked on the day shift, 33.2% on the afternoon shift, and 24.8% on the night shift. Gender was significantly associated with shiftwork, with a smaller percentage of women (14.1%) compared with men (27.8%) working the night shift. There was no association between any of the cortisol parameters and gender.
Associations between selected variables and shiftwork are presented in Table 2 . Age and sleep duration were significantly associated with shiftwork, P < 0.001 and 0.038, respectively. Officers who worked the night shift were on average younger (39.9 ± 7.2 years) and had the shortest sleep duration ± 1.1 hours). After adjustment for age and gender, however, sleep duration was no longer associated with shiftwork (data not shown).
Age-adjusted associations between selected variables and the four cortisol parameters are shown in Table 3 . Sleep duration and alcohol intake were significantly and inversely associated with the diurnal slope; r = −0.128, P = 0.027 and r = −0.133, P = 0.021, respectively. Global sleep quality score (assessed using PSQI) was not significantly correlated with any of the cortisol parameters (results not shown). Waist circumference was inversely correlated with total area under the curve (AUCG); r = −0.137, P = 0.018.
The two-way repeated measures ANOVA revealed that there was a significant time by shift interaction effect (P = 0.006), suggesting different profiles of cortisol concentrations over time among day, afternoon, and night shifts (data not shown). Effect modification by gender in the association between shiftwork and cortisol profile was not significant at the 10% level.
Our results show that shiftwork was not significantly associated with area under the curve (Table 4) . Shiftwork was significantly associated with the slope of diurnal cortisol, however, before and after risk factor adjustment. After adjustment for demographic and other factors, mean slope (nmol/L/minute) of the curve representing seven cortisol samples varied significantly across shift (day: −0.00332 ± 0.00017, afternoon: −0.00313 ± 0.00018, night: −0.00257 ± 0.0002, P = 0.023). Officers working on the night shift had a significantly shallower slope (Fig. 1) . After adjusting for the same factors, mean slope (nmol/L/minute) of the diurnal cortisol curve (representing the four samples) also varied significantly across shift (day: −0.00288 ± 0.00018, afternoon: −0.00237 ± 0.00019, night: −0.00194 ± 0.0002, P = 0.008) with those working on the night shift also showing a significantly shallower slope.
Gender-stratified results of the association between shiftwork and the cortisol parameters are shown in Table 5 . In the unadjusted models, both diurnal slopes differed significantly across shiftwork among men, but not among women. After risk factor adjustment, only the mean slope (nmol/L/minute) of the diurnal cortisol curve (four cortisol samples) showed significant overall variation across shift, P = 0.028. The risk-factor adjusted results for multiple comparisons showed that men officers on the night shift, compared with those on the day shift, had shallower mean slopes of the diurnal curves representing seven (P = 0.031) and four (P = 0.008) cortisol samples.
Percent of hours worked on the night shift was significantly and positively correlated with both slopes of diurnal cortisol curves among all officers; seven-sample curve (r = 0.166, P = 0.005) and four-sample curve (r = 0.120, P = 0.041) ( Table 6 ). Note that this positive correlation also means that there is an inverse association between percent of hours worked on the night shift and the steepness of the decline in the diurnal cortisol pattern. After riskfactor adjustment, significant positive correlations among both women and men were only observed with the diurnal slope representing seven samples.
DISCUSSION
In the BCOPS cohort of police officers, we compared diurnal salivary cortisol profiles across shift schedules. Our results showed that officers who worked the night shift had significantly flatter diurnal cortisol curves compared with those on the day shift. Although all three shift schedules showed a decline in diurnal cortisol concentrations following awakening, the rate of decrease over time was significantly attenuated for those working on the night shift (ie, flatter slope). The inverse association between percent of hours worked on the night shift and the magnitude of the diurnal cortisol decline suggests a flattening of the diurnal cortisol pattern with increasing hours of work on the night shift.
Although we have evidence of significant associations between night shiftwork and a flatter cortisol awakening profile, 26,27,32,33 we did not find many studies that investigated associations between shiftwork and the diurnal cortisol profile.
Shiftwork is associated with circadian disruption and with increased stress levels as determined by serum cortisol levels. [34] [35] [36] [37] [38] Cortisol, one of the primary stress hormones in man, has a well-documented circadian pattern which is established in infancy. [39] [40] [41] Light is a powerful synchronizer of the circadian rhythms and the external light-dark cycle synchronizes the central oscillator in the hypothalamus. 35, 42, 43 Light also induces corticosterone, the major HPA axis hormone in rodents, to be released via sympathetic regulation mediated by suprachiasmatic nucleus-sympathetic nervous system in mice. 42 It is plausible that the constant circadian disruption caused by shiftwork influences cortisol production resulting in a flatter pattern over time. Fujiwara et al 34 examined the temporal changes in circadian rhythms of serum cortisol and other variables due to experimental short-term shifts. Their results showed that the diurnal variations of serum cortisol were greatly modified, indicating that the normal circadian phase relations of cortisol and the other variables were disrupted more by the night shift.
A major limitation of this study is that the cross-sectional design prevents the inference of causality between shiftwork and a flatter diurnal cortisol slope. Recently published guidelines recommend more than one day of collection of saliva samples when determining the CAR (a component of our diurnal cortisol data) to reduce the intra-individual variability and measurement error that can be influenced by situational variables. 44 Our study was planned and executed, however, before these guidelines were available and we collected saliva samples on one day to reduce subject burden as saliva samples were collected after a number of challenges (eg, high protein meal, etc). Also, prior to the dissemination of these guidelines, collection of samples on one day was considered sufficient in cross-sectional research provided two or more samples on one day were collected to determine the CAR. Also, the results of this study have limited generalizability; it may only be generalizable to police officers working in similar departments and having other similar characteristics. A fourth limitation is that the analysis among women is underpowered. On average 50 women officers in each shift category are needed to detect the observed differences with a power of at least 80%. Among men, about 80 officers in each shift are required to attain a power of 80%. A fifth limitation is related to chronotype, which may be associated with cortisol secretory patterns. 45 Unfortunately, we were unable to assess for interaction by chronotype because this information was not collected. Night shift-work is considered a stressor because it forces the body to be awake at an unnatural time, causing desynchronization between the circadian day and the officer's occupational day. Although some persons adapt more easily to night shifts than others, we were unable to determine the officers' adaptability to night shifts. Therefore, another limitation of our study is our inability to compare workers on the three shifts with precision. Another issue pertains to whether officers who are more likely to tolerate night shift elected to work or chose to work for longer durations on night shift. If this were the case, we would expect the officers on night shift to show a more normal diurnal cortisol profile, that is, a steeper (not flatter) profile. Our results showed that night shift officers had a flatter diurnal cortisol profile. More importantly is the fact that officers are assigned their shift schedule by management; they do not have a choice regarding work schedules. Men and much younger officers are more likely to be assigned to work the night shift. So we do not believe that officers' greater tolerance for night shiftwork biased our associations.
Nevertheless, this study makes a contribution to the literature, being the first to compare diurnal cortisol levels across shifts in a cohort of law enforcement officers. This study has other strengths. An important strength is the use of objective shiftwork data obtained from payroll records. Other studies that have used shiftwork have frequently collected selfreported data.
In conclusion, we found that officers on the night shift had a flatter diurnal cortisol profile. Our results suggest that night shift-work is a stressful exposure. A flatter diurnal curve has implications for several adverse health outcomes including cancer, increased mortality risk, and psychosocial disorders. 12, 13, 20, 46 Strategies to reduce the effects of night shiftwork on officers should be considered. Use of longitudinal study designs would shed light on the question of whether shiftwork is a risk factor for development of a more adverse diurnal cortisol profile. P values are for differences between women and men.
For continuous variables, the P values were obtained from t tests. Bold values indicate statistically significant results.
* Overall P value comparing differences across the three shift categories. † P value for pairwise differences. ‡ AUCG: Total area under the curve (expressed as nmol/L × minute). § AUCI: Area under the curve with respect to increase (expressed as nmol/L × minute). Model II: adjusted means (±SE) of diurnal cortisol parameters across shiftwork. Adjustment was made for demographic characteristics (age, race/ ethnicity, education, marital status, and rank), lifestyle behaviors (smoking status, alcohol consumption, physical activity), and waist circumference.
Bold values indicate statistically significant results.
* Overall P value comparing differences across the three shift categories. † P value for pairwise differences. ‡ AUCG: Total area under the curve (expressed as nmol/L × minute).
